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[57] ABSTRACT

A monolithic structure comprises two sets of bidirec-
tional diodes having distinct characteristics constituted
from a substrate (1) of a first (N—) conductivity type.
First regions (10, 11, 12) of the second conductivity
type constitute the first set of diodes between a first
metallization (30) coating one of the first regions and
second metallizations (31, 32) coating the other first
regions. In a well (15) of the second conductivity type,
second regions (20, 21, 22) of the first conductivity type
constitute the second set of diodes between a third met-
allization (40) coating one of the second regions and
fourth metallizations (41, 42) coating the other second
regions.

5 Claims, 3 Drawing Sheets
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MONOLITHIC STRUCTURE COMPRISING TWO
SETS OF BIDIRECTIONAL PROTECTION
DIODES

BACKGROUND OF THE INVENTION

The present invention relates to protection diodes.
Protection diodes are here diodes that clip the voitage
across their terminals as soon as the latter reaches a
predetermined value, called breakdown voltage, of any
polarity. Such diodes are commonly used at the input of
electronic devices liable to receive spurious pulses, such
as circuits connected to telephone lines. In practice, the
breakdown voltage of these diodes must be accurately
determined (usually from 5 to 10%) in order not to
impair the circuit they are intended to protect.

The invention more particularly relates to the case
when it is desired to protect first lines from overvolt-
ages of a first level and second lines from overvoltages
of a second level. This is schematically illustrated in
FIG. 1 in which a first set of conductors L11, 1.12. ..
and a second set of conductors L21, L22 . . . are repre-
sented. It is desired to protect the first set of conductors
with respect to a common terminal C by first bidirec-
tional breakdown diodes D11, D12 . . . and the second
set of conductors by second bidirectional breakdown
diodes D21, D22. .. Diodes D11, D12 . . . of the first set
break down when the voltage across their terminals
exceeds in absolute value a voltage V1 and diodes D21,
D22... of the second set break down when the voltage
across their terminals exceeds in absolute value a volt-
age V2. In the following it is assumed that V2 is higher
than V1.

In the prior art, to provide a protection of the type
required in FIG. 1, discrete protection diodes or mono-
lithic circuits, each incorporating a set of protection
diodes having a predetermined breakdown voltage,
have been used. In both cases, long and sometimes com-
plex assembling is to be achieved.

Thus, an object of the invention is to provide one
monolithic integrated structure grouping two sets of
protection diodes, each of these sets having distinct
breakdown characteristics.

A further object of the invention is to provide such a
structure which is simple to manufacture for predeter-
mined couples of breakdown voltages.

SUMMARY OF THE INVENTION

To achieve this object, the invention provides a
monolithic structure comprising two sets of bidirec-
tional diodes with distinct characteristics constituted by
a substrate of a first conductivity type, from a surface of
which are achieved first regions of the second conduc-
tivity type for constituting the first set of diodes be-
tween a first metallization coating one of the first re-
gions and second metallizations coating the other first
regions. This structure comprises a well of the second
conductivity type formed from said surface, in which
are formed second regions of the first conductivity type
for constituting the second set of diodes between a third
metallization coating one of the second regions and
fourth metallizations coating the other second regions.

According to an aspect of the invention, layers of the
second conductivity type, more highly doped than the
well, are provided at the interface between the bottoms
of the second regions and the well.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing detailed description of preferred embodiments as
illustrated in the accompanying figures wherein:

FIG. 1, above described, shows line protection di-
odes;

FIG. 2 shows a first embodiment of the invention;

FIGS. 3A and 3B show concentration curves of a
dopant as a function of depth in two specific implemen-
tations of the first embodiment of the invention;

FIG. 4 shows a second embodiment of the invention;
and

FIGS. SA and 5B show concentration curves of a
dopant as a function of depth in two specific implemen-
tations of the second embodiment of the invention.

As conventional in integrated circuit representation,
it will be noted that the structures of FIGS. 2 and 4 are
very schematically represented and are not drawn to
scale. The various dimensions are arbitrarily enlarged in
order to facilitate the legibility of the drawings. Simi-
larly, while the corners of the various diffused regions
and wells are illustrated with square right angles, those
skilled in the art will note that in practice junction cor-
ners are rounded up due to diffusion and annealing
steps.

DETAILED DESCRIPTION OF THE
INVENTION

As shown in FIG. 2, the first embodiment of the
invention is manufactured from a low-doped semicon-
ductor substrate 1 of a first conductivity type, here N—.
In a first portion of this substrate are formed P-type
regions 10, 11, 12 and in a second portion of this sub-
strate is formed a P-type well 15. Regions 10, 11, 12 and
well 15 can result from one diffusion step. Inside well 15
are formed N+-type regions 20, 21, 22. Each region 10,
11, 12 is coated with a metallization 30, 31, 32 and each
region 20, 21, 22 is coated with a metallization 40, 41,
42,

In order to achieve a circuit of the type shown in
FIG. 1, metallizations 30 and 40 are connected to termi-
nal C, metallizations 31 and 32 to conductors 1.21 and
122, respectively, and metallizations 41 and 42 to con-
ductors L11 and L12, respectively. Thus, first bidirec-
tional protection diodes are obtained between conduc-
tors 121, L22 and terminal C and second bidirectional
protection diodes between conductors L11, L12 and
terminal C. The second bidirectional protection diodes
comprise a PN junction between the P regions 11, 12
and the N— substrate and an NP junction between the
N- substrate and the P region 10. The first bidirectional
diodes comprise an NP junction between the N+ re-
gions 21, 22 and the P well and a PN junction between
the P well and the N region 20. Thus, these diodes are
actually symmetrical.

The breakdown voltage of the diodes formed be-
tween regions 10, 11, 12 and the N— substrate mainly
depends upon the doping of the least doped layer, the
N~ substrate, and the diffusion profile of the P/N—
junction. The breakdown voltage of the diodes formed
between the N+ regions 20, 21, 22 and the P well
mainly depends upon the doping level of this well
which is in turn more highly doped than the substrate.
Thus, the diodes formed in the well will have a lower
breakdown voltage than those directly formed in the
substrate. On the other hand, if the P well 15 is identical
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to the P regions 10, 11, 12, the junction between the
well and the substrate will have the same breakdown
voltage as the junction between the regions 10, 11, 12
and the substrate. Therefore, a high voltage on one of
the conductors 121 and 1.22 will not cause breakdown
towards one of the conductors L11 and L12. More
generally, the breakdown voltage between the P well
18 and substrate 1 will be chosen higher than or equal to
the breakdown voltage between the P regions 10, 11, 12
and this substrate.

FIGS. 3A and 3B show exemplary diffusion profiles
for a structure of the type shown in FIG. 2. It is consid-
ered that the N— substrate has a homogeneous doping
level. It is, for example, a bulk substrate or an epitaxial
layer formed on a substrate. Also, it is considered that
the various doped regions or wells result from diffu-
sions and annealings achieved from predeposits of
doped substances at the surface of these regions and
wells. Of course, various variants in the diffusion and
annealing modes can be devised by those skilled in the
art. For example, implantation steps followed by an-
nealings could be substituted to diffusion steps from
predeposit. The doping profiles shown in FIGS. 3A and
3B correspond to final profiles after the last annealing
steps.

In the case of FIG. 3A, the doping level of the sub-
strate is 1016 atoms/cm3, which corresponds to a break-
down voltage of about 150 volts. But, the well 15 has an
inhomogeneous doping level which decreases from the
surface (x=0) to the bottom of the well as shown by
curve 101. Similarly, the N regions 20, 21, 22 have a
doping level which decreases from the surface to the
bottom as shown by curve 102. Thus, at the surface, the
N region contacts the P well at a position (x=0) where
the P well is highly doped (concentration higher than
1018 atoms/cm?). As a result, a breakdown voltage of
about 10 volts occurs at the surface. But, considering
the intersection of curves 101 and 102, at point 103,
which corresponds to the bottom of regions 20, 21, 22,
the breakdown voltage would be 40 volts. However,
this breakdown voltage at point 103 does not affect the
operation of the device since the breakdown will first
occur at the surface for the lowest voltage value.

FIG. 3B shows another doping pattern wherein the
N-type substrate is doped at 10!7 atoms/cm3 causing a
breakdown voltage of about 70 volts for the diodes
formed between the P regions 10, 11, 12 and the sub-
strate 1. A curve 101 corresponding to the P-type diffu-
sion substantially identical to the curve 101 of FIG. 3A
is represented. Indeed, with the conventional tech-
niques of dopant predeposit, it is difficult to make the
surface concentration vary. The low breakdown volt-
age will therefore remain substantially equal to 10 volts
as in the previous case and it will not be possible to have
it substantially changed, which gives little flexibility for
manufacturing such a structure. Indeed, a longer an-
nealing time will slightly decrease the surface concen-
tration but will mainly change the position of the inter-
section point 103 between curves 101 and 102.

In order to avoid this drawback, the invention further
provides a structure, illustrated in FIG. 4, enabling to
more easily select the value of the high and low break-
down voltages. This structure is manufactured from a
low doped substrate 1 of a first (N—) conductivity type.
In this substrate, there are again, on the one hand, P-
type regions 50, 51, and, on the other hand, a P-type
well 55. During a subsequent masking step, more highly
doped P-type diffusions 56, 57 are achieved in the well

10

20

25

30

40

45

50

60

65

4

then N-type regions 60, 61. Regions 60, 61 are in regis-
ter with regions 56 and 57 over a larger width so that
regions 56 and 57 occupy the bottom of regions 60 and
61 without overlapping the edges of these regions. Also,
inside the P regions 50 and 51, respective more highly
doped P regions 58 and 59 are shown, regions 58 and 59
being formed during the same step as diffusions 56 and
87. Then, metallizations 30, 31, 40, 41 are formed for
contacting regions 58, 59, 60 and 61. In operation, re-
gion 59 is connected to a conductor L21, regions 58 and
60 are connected to a common terminal C and region 61
to a conductor L11. Metallizations 30 and 40 can be
directly connected on the chip by forming an uninter-
rupted metallization between regions 58 and 60.

In the case of FIG. 2, two high voltage bidirectional
diodes and two low voltage bidirectional diodes are
represented, while in FIG. 4, one high voltage bidirec-
tional diode and one low voltage bidirectional diode are
represented. Those skilled in the art will note that in
both cases any number of bidirectional diodes can be
chosen, possibly much more than two, if the circuit to
be protected has a large number of conductors.

In the structure of FIG. 4, the operation of the high
voltage diodes corresponding to the P regions 50, 51
directly formed in the substrate is similar to that of FIG.
2. The overdoped regions 58 and 59 are intended to
ensure a better ohmic contact with metallizations, since,
as will be seen later on, the P regions 50 and 51 are less
doped than regions 10, 11, 12 of FIG. 2.

The specificity of the embodiment of FIG. 4 lies
essentially in the structure of the low voltage diodes
formed in well 55. Indeed, the P well 55 is lowly doped
so that, at the junction between the P regions 56 and 57
and N regions 60 and 61, the doping level of the P
regions 56 and 57 is higher than the doping level of the
P well 55, even at the surface.

Examples of the doping patterns of the structure of
FIG. 4 are illustrated in FIGS. 5A and 5B.

In the case of FIG. 5A, the doping level of substrate
1 is about 1016 atoms/cm3 causing a breakdown voltage
of about 150 volts for the second set of bidirectional
diodes. Curve 201 illustrates the concentration profile
of the P well 15 (and of the P regions 50, 51). Curve 202
shows the diffusion profile of the P regions 56 and §7.
Curve 203 shows the concentration profile of the N
regions 60, 61. The breakdown voltage of the PN junc-
tions 5661 and 57-60 corresponds to the operation
point 204, In the given example, this breakdown voltage
is about 40 volts. It will be noted that this value is lower
than the breakdown voltage (about 70 voits) appearing
at the superficial junction of the N regions 60, 61 with
well 55. Therefore, junctions 56, 61 and 57, 60 actually
determine the breakdown voltage of the first set of
bidirectional diodes.

The doping level at point 204 can be adjusted by
adequately setting the annealing times which, it is to be
reminded, do not substantially affect the values of the
surface doping.

This is illustrated by FIG. 5B where a high break-
down voltage of about 70 volts is chosen (the doping
level of the substrate being about 1017 atoms/cm3). In
the case represented, the voltage determined by point
204 is about 20 volts while the voltage determined at the
surface by the contact between the N regions 60, 61 and
the well 55 is about 40 volts and does not therefore
affect the operation of the system.

Thus, the invention provides, on the one hand, as
described in relation with FIG. 2, a monolithic structure
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incorporating two sets of bidirectional protection di-
odes having respectively high and low breakdown volt-
ages and, on the other hand, as described in connection
with FIG. 4, such a monolithic structure having the
advantage of allowing a simple adjustment of the high
and low breakdown voltages.

Of course, the invention is liable of numerous variants
and modifications which will appear to those skilled in
the art who will especially be able to reverse all the
described types of conductivity.

I claim:

1. Protective system for at least two groups of electri-
cal lines exposed to different breakdown voltages per
group, comprising:

a plurality of head-to-tail diodes each connected be-
tween a reference potential and a corresponding
one of said lines, said head-to-tail diodes forming a
set of diodes for each group of lines and for each
one of said breakover voltages;

wherein said sets of diodes are monolithically assem-
bled about a common substrate of a first conductiv-
ity type disposed in a plane;

wherein each of said set of diodes includes a plurality
of regions of a conductivity different from said
substrate and formed in parallel upon said sub-
strate, each being provided with a metallisation on
top of it, one metallisation being connected to said
reference potential to form with the associated
region a single and common tail diode for the set,
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the other metallisations of a set being connected to
the respective lines of the same group to form the
respective head diodes thereof.

2. The protective system of claim 1 wherein the re-
gions of one set of diodes are of a second conductivity
type, and wherein the regions of another set of diodes
are of the same said first conductivity type and being
disposed within a common well of said second conduc-
tivity type interposed between said common substrate
and each of said first conductivity type regions.

3. The protective system of claim 2 wherein said first
conductivity type regions are heavily doped in accor-
dance with the corresponding breakdown voltage.

4. The protective system of claim 1 wherein the re-
gions of each of said sets are of a second conductivity
type, the regions of one set being heavier doped than
the regions of the other set the doping thereof being in
relation to the difference between group breakdown
voltages.

5. The protective system according to claim 1
wherein the regions of each of said sets are of said first
conductivity type with a zone of a second conductivity
type being provided interposed between a correspond-
ing region and said subjacent substrate, the regions of
one set being heavier doped than the regions of the
other set in relation to the difference between the re-

spective group breakdown voltages.
* *x * % %



